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Abst rac t .  We d i s c u s s  some d i s t i ngu i sh ing  f e a t u r e s  of momentum d i s t r i -  

bu t ions  i n  deformed nuc l e i .  

Q u a s i e l a s t i c  e l e c t r o n  s c a t t e r i n g  provides a  very powerful t o o l  t o  
( 1  i n v e s t i g a t e  momentum d i s t r i b u t i o n s  of pro tons  bound i n  n u c l e i  . 

Unt i l1  now t h e  experimental  information a v a i l a b l e  has  been analyzed i n  

terms of t h e  independent p a r t i c l e  model assuming n u c l e i  t o  be  

s p h e r i c a l l y  symmetric, i n  which ca se  t h e  s p e c t r a l  func t ion  t akes  t h e  

simple form 

where a  s t ands  f o r  t h e  quantum numbers of t h e  s i n g l e  p a r t i c l e  o r b i t a l  

( n l j ) ;  and n a ( p ) ,  Ear Na a r e ,  r e s p e c t i v e l y ,  t h e  momentum d i s t r i b u t i o n  

(normalized t o  I ) ,  t h e  binding energy and t h e  occupat ion number of 

said o r b i t a l .  

It i s  w e l l  known t h a t  many n u c l e i  adqui re  a  deformed a x i a l l y  

symmetric shape i n  t h e i r  ground s t a t e .  For t h e s e  n u c l e i  t h e  ground 

s t a t e  charge dens i ty  i n  t h e  i n t r i n s i c  frame is  given by 

s i m i l a r l y  t h e  momentum d i s t r i b u t i o n  of t h e  s i n g l e  p a r t i c l e  o r b i t a l s  

w i l l  have t h e  form 

While t h e  e f f e c t s  of nuc l ea r  deformation i n  e l a s t i c  and i n e l a s t i c .  

s c a t t e r i h g  have been ex t ens ive ly  d i scus sed (2 ' ,  t h o s e  i n  quas i - e l a s t i c  
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e l e c t r o n  s c a t t e r i n g  have, t o  our  knowledge, never  before  been 

considered.  

For t h e  process  A ( e , e ' p V ) B  t h e  dependence of t he  nuc l ea r  s t ruc -  

t u r e  can be f a c t o r i z e d  o u t  ( i n  plane wave impulse aproximation 

(PWIA)) i n  t h e  s p e c t r a l  f u n c t i o n ( ' )  

where Y: JA, r e p r e s e n t s  t h e  wave func t ion  of t h e  ground s t a t e  of t h e  

t a r g e t ,  with angular  momentum JA and t o t a l  binding energy E:, and 

YB J t h e  wave func t ion  of t h e  r e s i d u a l  nucleus B, with binding energy 
B 

E ~ .  
I n  t h i s  paper we d i s c u s s  t he  form of t h e  s p e c t r a l  func t ion  f o r  

a x i a l l y  symmetric deformed nuc l e i .  To s imp l i fy  t h e  d i s cus s ion  we use 

t h e  B o h r - M o t t e l ~ o n ' ~ )  f a c t o r i z a t i o n  approximation and Nilsson model ( 4 )  

s i n g l e  p a r t i c l e  wave func t ions .  

For a x i a l l y  symmetric deformed n u c l e i  we w r i t e  t h e  wave func t ion  

i n  t h e  l abo ra to ry  system i n  terms of t h e  r e l a t i v e  o r i e n t a t i o n  of t h e  

body f i x e d  system and t h e  i n t r i n s i c  wave func t ion .  For a  given band, 

KA, i n  t h e  A nucleus we w r i t e  (same conventions and no ta t i ons  as those  

i n  r e f .  (5 )  a r e  used h e r e ) ,  

and s i m i l a r l y  f o r  t h e  s t a t e s  of t h e  r e s i d u a l  nucleus B. With t h i s  

approximation t h e  s p e c t r a l  func t ion  t akes  t h e  form 

where, i n  p a r t i c u l a r ,  i f  t h e  t a r g e t  A i s  even-even, we have f o r  t h e  

t r a n s i t i o n  from t h e  ground s t a t e  (JA=KA=VA=O) t o  a  one q u a s i p a r t i c l e  

s t a t e  (VB=l,KB) i n  t h e  r e s i d u a l  nucleus 

2 
where vK i s  t h e  p r o b a b i l i t y  f o r  f i n d i n g  t h e  (deformed) s i n g l e  

p a r t i c l e B  (s .p . )  s t a t e  KB occupied i n  t h e  ground s t a t e  of t h e  t a r g e t  

nucleus,  and C Z j  a r e  t h e  ampli tudes of t h e  s.p. s t a t e  KB 

i n  t h e  s p h e r i c a l  b a s i s  



Hence, one can see  t h a t  t h e  s p e c t r a l  func t ions  i n  t h e  deformed and 

sphe r i ca l  c a s e s  a r e  q u i t e  d i f f e r e n t .  F i r s t  of a l l ,  t h e  s i n g l e  

p a r t i c l e  b inding  ene rg i e s  Ea appearing i n  eq. (1)  a r e  rep laced  i n  

eq. ( 4 )  by 

r o t  1 2  JB+l /2 
where EJ ( =  %(JB(JB+l)-K +6 (-1) 

K ~ , 1 / 2  

i s  t h e  r o t a t i o n a l  energy and E t h e  q u a s i p a r t i c l e  energy. Since t h i s  

spectrum i s  i n  genera l  much more dense than  t h a t  corresponding t o  t h e  

s .p.  ene rg i e s  E f o r  a  given range of missing ene rg i e s  E t h e  s p e c t r a l  
a t  

func t ion  w i l l  have many more and c l o s e r  peaks than  i n  t h e  s p h e r i c a l  

case .  With t h e  experimental  r e s o l u t i o n  a v a i l a b l e  a t  p r e sen t ,  t h e  

r o t a t i o n a l  l e v e l s  i n  a  given K band may not  i n  gene ra l  be reso lved ,  

s e v e r a l  peaks t h u s  r e s u l t i n g  i n  a  s i n g l e  broader  one. On t h e  o t h e r  

hand f o r  a  narrow range of  missing ene rg i e s  i n  t h e  neighbourhood 

of a  given q u a s i p a r t i c l e  (or  ho l e )  energy t h e  momentum d i s t r i b u t i o n  

i n  t h e  deformed case  w i l l  i n  gene ra l  be q u i t e  d i f f e r e n t .  While i n  t he  

s p h e r i c a l  ca se  t h e  momentum d i s t r i b u t i o n  w i l l  be t h a t  of a  s i n g l e  

o r b i t a l  nu, i n  t h e  deformed c a s e  it w i l l  be a  l i n e a r  combination of 

many o r b i t a l s .  

To i l l u s t r a t e  t h i s  po in t  we cons ider  i n  what fo l lows  t h e  momentum 

d i s t r i b u t i o n s  of  t h e  l a s t  occupied proton s t a t e s  i n  2 8 ~ i ,  us ing  t h e  

Nilsson model and neglec t ing  p a i r i n g  c o r r e l a t i o n s .  I n  t h e  Nilsson 

model, wi th  deformation parameter i n  t h e  range -,256,$.2, t h e  l a s t  

ocaupied s t a t e s  i n  2 8 ~ i  a r e  t h e  lower K' = PI  t', 5/2+ i n  t h e  N=2 

s h e l l .  For 6=0 ( s p h e r i c a l  c a s e )  t h e  t h r e e  s t a t e s  a r e  deqenerate  i n t o  

t h e  Idgl2 o r b i t a l .  For Oc 1 6  1z.2 t h e  s epa ra t ion  i n  energy of t he se  

s t a t e s  among themselves i s  less than  o r  of t h e  o rde r  of  .lhwo, while  

t h e  s epa ra t ion  i n  energy with r e s p e c t  t o  remaining occupied s t a t e s  

i s  of t h e  o rde r  of Ihwo. Therefore i f  we a r e  i n t e r e s t e d  i n  t h e  

momentum d i s t r i b u t i o n ,  n ( p ) ,  ob ta ined  by i n t e g r a t i o n  of t h e  s p e c t r a l  

func t ion  over  a  narrow energy range (c 1 MeV) around t h e  minimal 

removal energy,  we can r e s t r i c t  ou r  a t t e n t i o n  t o  j u s t  t he se  t h r e e  
2 7  ( 6 )  K s.p. s t a t e s .  Moreover t ak ing  i n t o  account  t h e  spectrum of Ax 

one sees  t h a t  only t h e  lowest J B K B  = 7 '* , - I-' s t a t e s  w i l l  
2 2 '  

c o n t r i b u t e  i n  t h i s  energy range. I n  f i g .  1  w e  show t h e  momentum 

d i s t r i b u t i o n ,  n (p )  =nSl2 5/2+n1/2 /2  ( i n  u n i t s  of (b/JfE) 3 ) a s  a  
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Fig. 1  - Momentum d i s t r i b u t i o n  f o r  6=-.2 (-.-) , 6=-. 1  ( - - - I ,  6=0  (-1 
8 = .  I ( .  . . .)  , & = - 2  ( - -  .-) 

funct ion of P ( i n  u n i t s  of b-' ) , f o r  d i f f e r e n t  values of t h e  deforma- 

t i o n  parameter. A marked dependence on deformation is  observed. For 

6=0 the re  is  only a  bump a t  ~ = f i / b ,  a s  16 ( increases t h i s  bump is  

reduced and displaced t o  somewhat l a rge r  p values, and other  bump 

a t  p=O appears whose s t rength  increases  a s  16 1 h c r e a s e s .  In f i g .  2 

we compare our r e s u l t  f o r  the deformed model with & = . I  t o  the  expe- 

r imental  data  and f i t  given i n  r e f .  ( 7 )  ( see  a l s o  r e f .  ( 1  ) ) . 

Fig. 2 - Comparison of deformed model r e s u l t  f o r  &=.I(- - - )  t o  the  
( 7 )  experimental data and f i t  . 
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The f i t  i n  ref .  ( 7 )  was obtained by using q. (1) , with Nld -5.5 and NZs = .4, 
5/2 1/2 

i n  d i s t o r t e d  wave Born approximat ion (DWIA)  w i t h  wave f u n c t i o n s  

o b t a i n e d  from a Woods-Saxon p o t e n t i a l .  Our r e s u l t  shown by t h e  

dashed l i n e  i n  f i g .  2 c o n t a i n s  a r e n o r m a l i z a t i o n  f a c t o r  Q = . 5  

t o  t a k e  i n t o  account  t h e  o v e r a l l  r e d u c t i o n  i n  going from PWIA t o  

D W I A ' ~ ) .  Also t h e  b v a l u e  used (b = 1.97 fm) was chosen l a r g e  t o  

t a k e  i n t o  account  t h e  d i sp lacement  t o  lower momenta i n  going from 

PWIA t o  DWIA") . Taking i n t o  account  t h e s e  two c o n s i d e r a t i o n s ,  t h e  

deformed model g i v e s  a very  good agreement w i t h  t h e  exper imenta l  

d a t a .  
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